Upper gastrointestinal (GI) endoscopy is a valuable diagnostic and therapeutic procedure considered safe in most patients. However, some patients experience discomfort from air insufflation in the stomach and unpleasantness due to gagging during the procedure. Sedation has been shown to improve success in performing endoscopies and improve patient satisfaction (1) (2) (3) . Conscious sedation with a benzodiazepine (sedative) and opioid narcotic analgesia are used routinely in Canada for a variety of procedures to improve patient and physician satisfaction without compromising safety (4) .
There is a lack of consensus about choice of sedative use in upper GI endoscopy as discussed in meta-analysis and guidelines (5) (6) (7) . Some endoscopists use midazolam (benzodiazepine) or narcotics alone, but many use midazolam in combination with a Journal of the Canadian Association of Gastroenterology, 2019, 2(2), 86-90 doi: 10.1093/jcag/gwy041 Original Article Advance Access publication 9 August 2018 narcotic (either meperidine or fentanyl) (8) (9) (10) (11) . Fentanyl was a better tolerated drug compared with meperidine in studies of patients undergoing colonoscopy (12) . Studies with meperidine added to midazolam suggested a benefit in endoscopist satisfaction (13) (14) (15) . A single study investigated the use fentanyl in addition to midazolam for upper GI endoscopy, but this study was small, not randomized, and not blinded (16) . The results suggested that patients did not find a difference in the procedure adding fentanyl, but endoscopists found the procedure easier.
Optimizing sedation is important for the endoscopist to complete the examination with ease and for the patient to be comfortable during the procedure. Many patients have significant anxiety, which can be mitigated by sedation and provide a more pleasant endoscopy experience. However, there are potential risks of over-sedation with narcotics including aspiration, transient hypoxemia and airway obstruction, especially for those patients with significant systemic illness (17) . Most sedation is administered at the discretion of the endoscopist to maintain ease of performing the procedure.
PURPOSE
The purpose of this study was to perform a large, double-blinded, placebo-controlled, randomized clinical trial to assess if adding fentanyl to midazolam provides further benefit for patient perceived satisfaction, endoscopist satisfaction, and nurse satisfaction during routine upper endoscopy without significant adverse effects.
METHODS
The study was approved by the hospital research ethics board at St. Joseph's Healthcare Hamilton and McMaster University. Recruitment occurred from March to December of 2012.
Inclusion and Exclusion Criteria
All patients 18 to 65 years scheduled for routine outpatient upper endoscopy by a gastroenterologist at St. Joseph's Healthcare Hamilton were eligible for the study, provided they could give consent. Patients were approached by a research staff to participate when they registered for their endoscopy, and no incentive was offered for participating. Exclusion criteria included mental incompetency, pregnancy, weight <55 kg, emergent procedures, known hypersensitivity or allergy to fentanyl or midazolam, chronic use of benzodiazepines or opioids, patients known a priori to require therapeutic interventions in conjunction with their EGD (e.g., dilation, Argon Plasma Coagulation, or esophageal variceal ligation) and patients with major cardiorespiratory comorbidities, sleep apnea, liver cirrhosis, or renal failure. Patients could refuse to participate at any time by verbalizing to any staff member their wish to withdraw consent. All data was to be analyzed.
Randomization, Allocation, and Blinding
A computer-generated, two-group randomization table was prepared by the inpatient pharmacy. Identical syringes of Fentanyl or placebo (saline solution) were assembled by the pharmacy, and allocation was concealed to any of the patients, research or clinical staff. The drugs were allocated to patients by nurses once a patient was consented in the endoscopy unit. As both the fentanyl and saline syringes were identical, blinding was preserved throughout the study, and the research team was only informed of the contents of the syringes after study completion.
Drug Dose and Administration
A dose of 100 mcg of Fentanyl intravenously was chosen as the study drug. This is routinely used as a standard dose in patients undergoing endoscopy and is high enough to distinguish whether it has an additive effect to midazolam.
After an initial 2 mg dose of intravenous Midazolam, patients were immediately given a 100 mcg dose of intravenous fentanyl or an identical syringe of placebo. The combination of drugs is within a safe range for patients weighing more than 55 kg to receive (18) . Additional Midazolam was titrated as needed in 1 mg increments for deeper sedation at the discretion of the endoscopist, but no further fentanyl could be given. Topical xylocaine could be administered in the oropharynx at the discretion of the endoscopist.
Procedure details All procedures were completed by a gastroenterologist or senior gastroenterology resident under direct supervision by a gastroenterologist. There were eight gastroenterologists who participated with a minimum of three years of experience in endoscopy.
All patients' heart rates, blood pressures and oxygen saturations were monitored during the procedure and in recovery until ready for discharge. All patients were given 2 L oxygen by nasal cannula at the beginning of procedure; this is standard protocol in the endoscopy unit.
Sample size calculation
We estimated a difference of 20% in the overall satisfaction between a better score (e.g., excellent or good) to a poor score (e.g., fair or difficult or very difficult) in the Fentanyl group compared with the placebo group and assume that the Fentanyl group would have 90% of patients with a better score. Using a two-sided alpha of 0.05 and a power of 80%, the number in each arm required is 72 patients. Assuming a 5% missing data rate, the number of patients we aimed to recruit was 75 per arm.
Primary outcomes include endoscopist, nurse and patient satisfaction with sedation reported independently after the procedure on a five-point visual Likert scale, with one as extremely satisfied and five as extremely dissatisfied. Secondary outcomes included significant retching that persisted after intubation, presence of adverse events, time of procedure, and time to discharge after procedure. We also contacted patients up to 48 hours after the procedure by telephone and asked their willingness to repeat the procedure. Any adverse events were recorded, including change in vitals or episodic desaturation in oxygen.
RESULTS
During the study period, 283 patients were screened to be eligible, and 139 were recruited in the study. The most common reasons for exclusion were that the patient was not interested (n=58), had major comorbidities (n=26), required no sedation (n=20), had chronic opiate or benzodiazapine use (n=19), did not specify (n=10), could not provide consent to the study (n=9), and weighed less than 55 kg (n=2). Two patients withdrew after being randomized: one refused to participate after she consented, and the other's procedure was cancelled by the endoscopist.
The mean age was 45 years, and 39.6% were male. The mean patient weight was 77.7 kg. Most patients were American Society of Anesthesiology (ASA) class one (85%). The most common indications for upper endoscopy were to investigate dyspepsia/epigastric pain (n=44), Gastro Esophageal Reflux Disease (GERD)/Reflux (n=37), and upper GI symptoms NYD (n=21) (see Figure 1) .
Of the 137 patients analyzed, 68 were allocated in the Fentanyl group, with 69 in the placebo group. The baseline characteristics were similar for both groups (see Table 1 ).
Before the procedure, 48 patients in the fentanyl group and 54 patients in the placebo group received topical xylocaine (P=0.30). The mean dose of midazolam given to the fentanyl group was 4.0 mg compared with 5.2 mg given to the placebo group, and this difference was statistically significant, with P=0.003.
The primary outcome was a significant improvement in independently reported endoscopist and nurse satisfaction with the fentanyl group compared with the placebo group (1.4 versus 2.5 P =< 0.01). However, there was no difference in the patient satisfaction in the fentayl group compared with the placebo group (1.3 versus 1.5, P=0.4, see Table 2 ).
Significant retching during the procedure was seen more often in the placebo group (34 of 69) compared with the fentanyl group (3 of 68) (P<0.01).
The time of procedure in the fentanyl group was 8.5 minutes compared with 11.1 minutes in the placebo group, and this difference was statistically significant (P=0.001). The time to discharge after the procedure in the fentanyl group was 35.6 minutes compared with 37.2 minutes in the placebo group, and this was not statistically significant (P=0.54).
There were no major adverse events. We recorded three transient drops in oxygen saturation <90% (all in the Fentanyl group), and two minor complications (both in placebo group), with 1 patient vomiting and another reporting nausea.
The patients' willingness to repeat the procedure was confirmed by telephone in 116 patients (60 in the fentanyl group and 56 in the placebo group). All patients reported a willingness to repeat the procedure if necessary.
DISCUSSION
This study demonstrated that adding fentanyl to routine outpatient upper endoscopy may provide several advantages to using midazolam alone. To our knowledge, this is the first double-blinded, placebo-controlled trial adding fentanyl to midazolam in upper endoscopy and shows that the quality of the procedure is likely better. This conclusion is based on Figure 1 . Indications for upper endoscopy significantly less retching during the procedure and independent nurse and physician assessment of the procedure as being better in terms of satisfaction of sedation. Adding fentanyl for sedation also significantly shortened the procedure time by two and a half minutes, which is over 20% faster. This benefit may be counter intuitive to traditional thinking in quality of endoscopy because longer procedures are thought to be correlated with better exams; however, in routine upper endoscopy, a shorter procedure time could be associated with a better exam if the patient is not moving or retching. Moreover, shorter and smoother endoscopy procedures will help keep endoscopy units on schedule and make the turnaround time for procedures easier.
Not surprisingly, adding fentanyl resulted in significantly less midazolam use during the procedure, which may be beneficial to patients because midazolam is a longer acting sedative and could be associated with more side effects like persistent nausea and fatigue.
Fentanyl did not show any major side effects. There were 3 incidences of transient oxygen desaturations. Regular use of oxygen support during the procedure with 2 L by nasal pronged likely masked some of the side effects of respiratory depression. A CO2 monitor would have been a useful tool for measuring respiratory effect, but this was not available to us.
Some of the limitations of our study include the small size of the study, but our target population based on power calculations was met. Most of the patients were females, and most patients had dyspepsia or GERD, suggesting a possible selection bias. We excluded high risk patients, and there was only one patient who was ASA class three in the entire study. It is possible that higher risk patients may not tolerate as much sedation and be prone to sedation-related complications. It is possible the study group was identified by the endoscopist, despite blinding and allocation concealment, as the dose of midazolam was higher in the placebo group.
The only caveat to consider is that patients do not feel any different whether they receive fentanyl or not. The lack of difference from a patient perspective is worth noting. Even though significant retching is experienced by patients in the midazolam/placebo group, the amnestic effect of the sedative provides a good experience for most patients, and one they would be willing to repeat whether fentanyl is added or not.
In summary, this study demonstrated that adding fentanyl to midazolam for sedation in outpatient upper endoscopy provided superior sedation. There was a statistically significant benefit from reduced retching and satisfaction of the endoscopist and nurse caring for the patient, and this may permit a higher quality procedure in a shorter time. However, the patient's perception is no different after the procedure, nor is it any different when asked if they are willing to repeat the procedure up to 48 hours later. Although using fentanyl did not show major side effects or complications, caution must be taken in patients with advanced age or major comorbidities and with patients undergoing emergent procedures, as these patients were not included in the study. 
